Objective To generate evidence on the effectiveness of household-wide treatment for preventing the transmission of pediculosis capitis (head lice) in resource-poor communities.
Methods We studied 132 children without head lice who lived in a slum in north-eastern Brazil. We randomized the households of the study participants into an intervention and a control group and prospectively calculated the incidence of infestation with head lice among the children in each group. In the intervention group, all of the children's family members who lived in the household were treated with ivermectin; in the control group, no family member was treated. We used the c² test with continuity correction or Fisher's exact test to compare proportions. We performed survival analysis using Kaplan-Meier estimates with log rank testing and the Mann-Whitney U test to analyse the length of lice-free periods among sentinel children, and we used Cox regression to analyse survival data on a multivariate level. We also carried out a subgroup analysis based on gender.
Findings Children in the intervention group remained free from infestation with head lice significantly longer than children in the control group. The median infestation-free period in the intervention group was 24 days (interquartile range, IQR: 11-45), as compared to 14 days (IQR: [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] in the control group (P = 0.01). Household-wide treatment with ivermectin proved significantly more effective among boys than among girls (P = 0.005). After treatment with ivermectin, the estimated number of annual episodes of head lice infestation was reduced from 19 to 14 in girls and from 15 to 5 in boys. Female sex and extreme poverty were independent risk factors associated with a shortened disease-free period.
Conclusion In an impoverished community, girls and the poorest of the poor are the population groups that are most vulnerable for head lice infestation. To decrease the number of head lice episodes per unit of time, control measures should include the treatment of all household contacts. Mass treatment with ivermectin may reduce the incidence of head lice infestation and associated morbidity in resource-poor communities.
Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español. ‫املقالة.‬ ‫لهذه‬ ‫الكامل‬ ‫النص‬ ‫نهاية‬ ‫يف‬ ‫الخالصة‬ ‫لهذه‬ ‫العربية‬ ‫الرتجمة‬
Introduction
Pediculosis capitis (head lice infestation) is probably the most common parasitic condition among children worldwide. It is particularly common in resource-poor communities in the developing world, where it affects individuals of all age groups, and prevalence in the general population can be as high as 40%. 1 Children aged < 12 years show the highest prevalence and bear the highest burden of disease. [2] [3] [4] Despite the public health relevance of the condition, strategies to effectively control it are not evidence-based, and recurrent head lice infestations are a common problem. 5, 6 This is of particular concern in resource-poor communities, where this parasitic skin disease prevails and is associated with considerable morbidity. 1, 4, 7 We assessed household-wide treatment with ivermectin as a means of controlling the transmission of head lice in a resource-poor setting based on the premise that in such settings, as opposed to more affluent ones, 6, 8 within-household transmission of head lice plays a crucial role in transmission dynamics. The lessons learned on head lice transmission and the usefulness of this approach for the control of this parasitic skin infestation are presented in this paper.
Methods

Study area and participants
The study was conducted during February and March 2007 in a typical favela (slum) in Fortaleza, the capital of Ceará state in north-eastern Brazil. Of the favela's population, 60% has a monthly family income of less than two minimum wages (1 minimum wage = 200 United States dollars, US$). The unemployment rate is high, violence and drug abuse are common and adult illiteracy is about 30%. 4 Health care is provided by the national primary health care system (Programa de Saúde da Família) through a primary health-care centre in the area.
Children and teenagers from 5 to 15 years of age who were free from head lice were eligible for the study. All children were participants of a clinical trial comparing two head lice treatments that had taken place immediately before this field study was initiated. 9 For the clinical trial, children with
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Ivermectin treatment for head lice in Brazil Daniel Pilger et al. head lice living in an urban slum were recruited and sent to a holiday resort where the trial took place. While still in the holiday resort but immediately before this study, children received oral ivermectin to assure that they were free of head lice by the time the field study started. In addition, baseline head lice status was assessed by vigorous wet combing, the most sensitive method for detecting head lice. 10 Children were not admitted into the field study if they were (i) unwilling to participate in the trial, (ii) presumed absent from the study area for more than a week, or (iii) found to have active head lice infestation during the baseline wet combing. Patients and their parents or legal guardians gave informed written consent. In total, 132 children free from head lice (sentinel children) from 78 families were included. All participants were recruited in a single day.
Study design
We randomized the households of participating children into two groups. In the intervention group, we gave all household members 200 µg/kg of ivermectin orally. Ten days later, the same dose was given to all household members except for the sentinel children who were free of head lice. Household members of the control group remained untreated. One day after the householdwide treatment with ivermectin, sentinel children returned home from the holiday resort. They were subsequently examined for the presence of head lice by wet combing every 3 to 4 days during a period of 60 days.
Using structured questionnaires, we collected socioeconomic information on participating households. Because most people living in slums are not regularly employed and have no steady income, to measure poverty we used an index that was independent of household income but that assessed the physical characteristics of the dwelling and household consumption. To do so, housing quality (i.e. improvised dwelling, dwelling constructed of wood or adobe) was rated on a scale of 1 to 3. For electricity, access to piped water and connection to public sewage disposal, a rating of 0 was given for each if present and of 1 if not present. We summed up the ratings to obtain an overall value for each family. We stratified families into four categories, with the poorest families belonging to the highest category. To rate the degree of crowding we counted the number of people per household and divided it by the number of rooms per house.
Randomization
We randomized households using a permuted block design (block size six, allocation ratio 1:1) and a computergenerated list of random numbers.
Blinding
The study was observer-blinded. For household-wide treatment, all households allocated to the intervention group were visited by two investigators not involved in the follow-up visits (GF and FAO). The follow-up visits were performed by a different pair of investigators (DP and AK), who were blinded as to the group status of the households.
Objectives
We hypothesized that head-lice-free children belonging to families that had been treated with ivermectin would remain free of head lice infestation longer than children from households where treatment had not been administered. The trial was designed to assess the effect of household-wide treatment for head lice on transmission dynamics and its usefulness for disease control in a hyperendemic area, as well as to detect factors associated with rapid infestation.
Outcomes
The primary endpoint was the infestation-free period, defined as the number of days between the baseline examination and the first follow-up examination that was positive for head lice. A positive head lice examination was defined as one in which at least one viable head louse or nymph was detected by diagnostic wet combing -the most sensitive method for diagnosing head lice infestation. 11, 12 We performed additional analyses on individual characteristics (sex, length and type of hair) and household characteristics (poverty level, crowding) to look for their potential association with the length of the infestation-free period.
Sample size
Since the sentinel children were those who had participated in a therapeutic trial in January 2007, our sample size depended on the number of participants who completed that trial. However, we estimated that if only 5% of the children in the control group and 15% of those in the intervention group remained free of head lice during the observation period, we would need approximately 40 participants per group to detect a significant difference between both groups (power: 0.8; significance level: P < 0.05). The actual number of participants in the control and intervention group was 68 and 64, respectively.
Statistical analysis
For the statistical analysis we used Epi Info, version 6.04d (Centers for Disease Control and Prevention, Atlanta, GA, United States of America) and SPSS statistical software, version 11.0.4 (SPSS Inc., Chicago, IL, USA). To compare proportions we used the c² test with continuity correction or the Fisher exact test when appropriate. We used Kaplan-Meier estimates with log rank testing and the Mann-Whitney U test for survival analysis of head-licefree periods among sentinel children. We employed a Cox regression model to analyse survival data on a multivariate level. As head lice infestation is much more frequent in girls than in boys, 2,3,13,14 we also carried out a subgroup analysis for gender.
We estimated the incidence of head lice infestation by logarithmic extrapolation of the Kaplan-Meier curve. To measure the daily number of episodes of head lice infestation, we used the attack rate, defined as follows:
number of new head lice infestations ¸ (total person − days of observation)
The resulting rate was multiplied by 365 to estimate the number of head lice episodes per child per year.
Ethical aspects
The study was conducted in accordance with the revised declaration of Helsinki (2000) . Both the participants and their respective legal guardians gave written informed consent. At the end of the study all participants (including all household members) were offered treatment with ivermectin to eliminate head lice infestation and reduce intestinal helminths.
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The study protocol was approved by the Ethical Review Board of the Federal University of Ceará (Fortaleza, CE, Brazil). The trial was registered under number ISRCTN 42288908.
Results
We assessed 145 children for eligibility; 10 children did not meet the inclusion criteria because they had active head lice infestation or intended to move out of the study area during the follow-up period. Three children refused to participate. The resulting 132 participants enrolled into the trial belonged to 78 households (Fig. 1) .
Randomization of the households resulted in two groups that were similar in size and in demographic and socioeconomic characteristics (Table 1 ). In 67% of the cases, two or more sentinel children belonged to the same family. The flow of participants through the trial was similar at all stages; two and four participants were lost during follow-up in the control and intervention groups, respectively (Fig. 1) .
The primary analysis by KaplanMeier estimates and Cox-regression was based on intention-to-treat. It involved all participants who were randomly assigned. For all other analyses the six participants who had moved out of the study area were treated as lost during follow-up; thus, 126 participants remained for inclusion in the analyses. 
Adverse events
No adverse events were reported.
Impact
Sentinel children living in families whose members had received ivermectin remained free of head lice significantly longer than children in the control group. The median length of the infestation-free period was 24 days (interquartile range, IQR: 11-45) in the intervention group and 14 days (IQR: 11-25) in the control group (P = 0.01; Fig. 2 ). At the end point, 10 (16%) sentinel children in the intervention group and 3 (4%) in the control group remained uninfested (P = 0.03).
According to the extrapolation of the gender-stratified Kaplan-Meier curve, all girls would have become infested by day 73 and all boys by day 85. This was equivalent to 19 head lice infestation episodes per year in girls and 15 in boys. In the intervention group, the number of annual episodes was reduced to 14 for girls and 5 for boys.
Boys remained uninfested for a longer period of time than girls, irrespective of household allocation. The median infestation-free periods were 25 days (IQR: 11-46) for boys and 14 days (IQR: 7-27) for girls (P = 0.007; Fig. 2 ). Among girls, the median infestation-free period was 14 days in both the intervention group (IQR: 7-38 days) and the control group (IQR: 11-21 days; P = 0.18). In boys, the infestation-free period was significantly longer: 39 days (IQR: 24-47 days) in the intervention group and 18 days (IQR: 7-34 days) in the control group (P = 0.005 Fig. 2) .
The Cox regression yielded female sex and extreme poverty as the most important independent risk factors for rapid infestation ( Table 2) . As indicated by a hazard ratio of 1.41, an increase of one score in the poverty index was accompanied by a 41% increase in the risk of head lice infestation. Crowding per se did not contribute to increased transmission of head lice (Table 2) . Length and type of hair, as well as age, showed no association with the length of the infestation-free period (all P > 0.10).
Discussion
Finding effective ways to reduce head lice transmission is crucial for the control of head lice infestation in impoverished communities. The results of this trial suggest that householdwide treatment with ivermectin is effective in delaying the infestation of household members who are free of head lice. Therefore, treatment for head lice should be administered to the entire household rather than to a single patient.
When considering householdwide treatment, gender-related differences have to be taken into account. Across countries and cultures, girls are more susceptible to head lice infestation, 2,3,13,14 primarily due to genderrelated differences in social behaviour. 8 In this study girls benefited less than boys from household-wide treatment. This highlights the importance of community transmission and of b Control group versus intervention group. In the intervention group, all family members of sentinel children who lived in the same household as the children were treated with ivermectin; in the control group, no family member was treated. c Females versus males. d The hazard ratio indicates the effect of a whole unit increase in the unit of measurement.
gender-related differences in head lice transmission. Although we cannot know for certain whether the sentinel children became infested within the community or in the household, the fact that household-wide treatment had a lesser effect on the infestationfree period in girls suggests that community transmission is particularly important among females. Boys, on the other hand, became infested in the household once the protective effect of ivermectin treatment had disappeared and in parallel with an increase in the number of infested household members. Nevertheless, household-wide treatment benefited both boys and girls by reducing the number of yearly episodes of head lice infestation.
In addition to female gender, poverty appears to play an important role in head lice transmission. In fact, in children from extremely poor households, the risk of early re-infestation with head lice was twice as high as in other children. This confirms the results of previous studies to the effect that the poorer the household, the greater the odds of frequent head lice infestation among household members, and that the poorest of the poor are the most vulnerable population group. 3, 15, 16 Therefore, a targeted intervention focusing on extremely poor households or impoverished communities is recommended.
Interventions for the control of head lice infestation could be based on ivermectin treatment. Ivermectin is effective against various parasitic skin diseases, including scabies and hookwormrelated cutaneous larva migrans. 17 Its effectiveness against head lice has been documented repeatedly. 17, 18 Mass treatment with ivermectin in resource-poor communities has already been shown to significantly reduce the prevalence of intestinal helminths and of cutaneous infestation 19 For soil-transmitted helminths, repeated ivermectin mass treatments have been shown to reduce transmission as well. 20 With this study we have demonstrated that an intervention consisting of household-wide treatment with ivermectin effectively reduces within-household transmission of head lice. These findings suggest that mass treatment with ivermectin not only reduces the prevalence of head lice infestation in treated individuals, but also benefits untreated members of the community by reducing transmission.
Transmission could be further reduced by repeated mass administration of ivermectin. Repeated mass treatments can potentially halt the transmission of onchocerciasis, 21 and the same may be true for head lice transmission.
Research
Ivermectin treatment for head lice in Brazil Daniel Pilger et al.
In this study, a one-time, householdwide administration of ivermectin considerably reduced the estimated annual number of head lice episodes in children. Repeated administration could reduce the number of head lice episodes even further, to the extent that children could eventually be rid of head lice, at least for prolonged periods during the year. This would in turn reduce morbidity associated with head lice infestation. In Brazil mass treatments with ivermectin could be implemented through the Brazilian Unified Health System (Sistema Único de Saúde) with its network of primary health care centres. The study design used has two major drawbacks. The sample size was limited to the number of children who had participated in the previous randomized clinical trial -i.e. children with an active head lice infestation. Although the households included are felt to represent the social and economic diversity within a shanty town, they were not randomly selected. The incidence of head lice infestation is therefore likely to be overestimated, as our sample included mainly children at high risk of acquiring head lice. One cannot conclude that the difference in the outcome measure between the intervention and control group would be identical in a future study based on randomly-selected households.
In this study, 67% of sentinel children lived in a family with other sentinel children. Even though this was considered in the multivariate analysis, potential bias cannot be ruled out. A split-within-household randomization strategy, whereby two participants in the same household are randomly split into the intervention and the control group, can improve the sensitivity of the study design. 22 Obviously, this approach is not feasible for interventions that must be performed at the household level.
Studies with only one sentinel child per household should be conducted to further investigate the effect of householdwide treatment on the transmission of head lice. ■ Résultats Les enfants appartenant au groupe d'intervention sont restés exempts de poux de tête significativement plus longtemps que les enfants du groupe témoin. La durée médiane sans infestation dans le groupe d'intervention était de 24 jours (intervalle interquartile, IIQ : 11-45), contre 14 jours (IIQ = 11-25) dans le groupe témoin (p = 0,01). Le traitement par l'ivermectine de l'ensemble des membres des foyers s'est révélé significativement plus efficace chez les garçons que chez les filles (p = 0,005). Après un traitement par l'ivermectine, le nombre annuel estimé d'épisodes d'infestation par des poux de tête avait diminué pour passer de 19 à 14 chez les filles et de 15 à 5 chez les garçons. Le sexe féminin et l'extrême pauvreté étaient des facteurs de risque indépendants associés à la brièveté des périodes sans infestation. Conclusion Dans une communauté pauvre, les filles et les plus pauvres parmi les pauvres sont les groupes de population les plus vulnérables à l'infestation par des poux de tête. Pour réduire le nombre d'épisodes d'infestation par des poux de tête par unité de temps, les mesures de lutte contre ces parasites doivent inclure le traitement de tous les contacts domestiques. Un traitement de masse par l'ivermectine peut faire diminuer l'incidence de cette infestation et la morbidité associée dans les communautés pauvres.
Resumen
Tratamiento de la pediculosis capitis en una comunidad pobre mediante la administración de ivermectina a todos los miembros del domicilio: ensayo clínico aleatorizado y enmascarado para el observador Objetivo Demostrar la eficacia del tratamiento de todos los miembros del domicilio para prevenir la transmisión de la pediculosis capitis en comunidades pobres.
Métodos Estudiamos 132 niños sin pediculosis capitis que vivían en barrios de chabolas en el nordeste del Brasil. Aleatoriamente, asignamos los domicilios de los participantes en el estudio a
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